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ABSTRACT 
Nonclassical and classical osmium polyhydrides containing the diphosphine 9,9-dimethyl-4,5-
bis(diisopropylphosphino)xanthene (xant(PiPr2)2), coordinated κ3-mer, κ3-fac, and κ2-P,P, have 
been isolated during the cyclic formation of H2 by means of the sequential addition of H+ and H- 
or H- and H+ to the classical trihydride OsH3Cl{xant(PiPr2)2} (1). This complex adds H+ to form 
the compressed dihydride-dihydrogen [OsCl(H···H)(η2-H2){xant(PiPr2)2}]+ (2). Under argon, 
cation 2 losses H2 and the resulting unsaturated fragment dimerizes to give 
[(Os(H···H){xant(PiPr2)2})2(µ-Cl)2]2+ (3). During the transformation the phosphine changes its 
coordination mode from mer to fac. The benzofuran counterpart of 1, OsH3Cl{dbf(PiPr2)2} (4) 
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(dbf(PiPr2)2 = 4,6-bis(diisopropylphosphino)dibenzofuran), also adds H+ to afford the benzofuran 
counterpart of 2, [OsCl(H···H)(η2-H2){xant(PiPr2)2}]+ (5), which in contrast to the latter is stable 
and does not dimerize. Acetonitrile breaks the chloride bridge of 3 to form the dihydrogen 
[OsCl(η2-H2)(CH3CN){xant(PiPr2)2}]+ (6), regenerating the mer coordination of the diphosphine. 
The hydride ion also breaks the chloride bridge of 3. The addition of KH to 3 leads to 1, closing 
a cycle for the formation of H2. Complex 1 reacts with a second hydride ion to give 
OsH4{xant(PiPr2)2} (7) as consequence of the displacement of the chloride. Similarly to the 
latter, the oxygen atom of the mer-coordinate diphosphine of 7 has tendency to be displaced by 
the hydride ion. Thus the addition of KH to 7 yields [OsH5{xant(PiPr2)2}]- (8), containing a κ2-
P,P-diphosphine. Complex 8 is easily protonated to afford OsH6{xant(PiPr2)2} (9), which 
releases H2 to regenerate 7, closing a second cycle for the formation of molecular hydrogen. 
 
INTRODUCTION  
The chemical behavior of a transition metal complex is determined by the central ion and by 
the ligands forming its coordination sphere. The groups surrounding the core govern the 
available electron density of the metal ion and the accessible space for performing the reactions. 
In some cases, the ligands also cooperate with the metal by means of a direct participation in the 
chemical transformations.1 There are other ligands that change their properties during the 
reactions. This group includes ligands that modify their electronic donor ability while are 
adapted to the reaction medium by means of reversible transformations2 and ligands that change 
their coordination mode to meet with the requirements of each stage of a multi-step process. 
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Hemilabile groups are the simplest class of ligands with the latter behavior. The reversible 
coordination-decoordination of the hemilabile donor atom allows the stabilization of highly 
reactive metal centers, which has a significant influence in the catalytic behavior of the 
complexes.3 Tridentate anionic PCP-diphosphines are situated in the opposite position. Although 
their mer-coordination allows them to stabilize complexes with unusual reactivity,4 the stability 
and rigidity of the pincer diminishes the adaptability of these ligands to the requirement of the 
sequential processes. In the search for more versatile diphosphines that could act as κ3-fac and 
bidentate groups, in addition to κ3-mer, flexible POP ethers have been also employed.5 Thus, 
Weller and co-workers have demonstrated that 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthene (xantphos) has the ability of changing its coordination fashion in several 
relevant rhodium- and iridium-mediated processes,6 such as the hydroacylation7 and 
carbothiolation8 of alkenes and alkynes and the dehydrocoupling of amineboranes.9 
Transition metal polyhydrides are compounds having enough hydrogen atoms bonded to the 
metal center of a LnM fragment to form at least two different types of ligands.10 These ligands 
are generally classified in four types depending upon the separation between the coordinated 
hydrogens: Kubas type dihydrogens (0.8 – 1.0 Å), elongated dihydrogens (1.0 – 1.3 Å), 
compressed dihydrides (1.3 – 1.6 Å), and classical hydrides (> 1.6 Å).10,11 Polyhydrides of the 
platinum group metals offer new exciting conceptual challenges and the possibility of interacting 
with different fields,10 including the conversion and storage of regenerative energy.12 In this 
respect, osmium polyhydrides are of particular interest. In addition to promote the 
dehydrocoupling of amineboranes,13 their ability to activate C-H, N-H, and C-N bonds of a wide 
range of organic molecules, including 2-azetidinones14 and nucleobases15, allow them to interact 
with organic synthetic chemistry,16 drugs design,14a and material science.17 Although the 
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chemistry of the osmium polyhydrides is rich, the complexes of this type with pincer ligands are 
a noticeable exception,10 being reduced to a few complexes with PNP,18 P(olefin)P19 and 
P(Csp3)P20 ligands. Recently, we have reported that the reactions of complexes 
OsCl2{xant(PiPr2)2}(κ-S-DMSO) (xant(PiPr2)2 = 9,9-dimethyl-4,5-
bis(diisopropylphosphino)xanthene) and OsCl2{dbf(PiPr2)2}(κ-S-DMSO) (dbf(PiPr2)2 = 4,6-
bis(diisopropylphosphino)dibenzofuran) with molecular hydrogen, in the presence of Et3N, lead 
to the classical trihydride derivatives OsH3Cl{xant(PiPr2)2}21 and OsH3Cl{dbf(PiPr2)2}16d 
containing a pincer POP-ligand. Our interest in determining the influence of the different 
coordination modes of flexible pincer ligands on the nature of the H-donor ligands of Osmium 
polyhydrides prompted us to study the protonation of the hydride ion, kinetically controlled by 
OsH3Cl{xant(PiPr2)2}. The kinetically controlled formation of molecular hydrogen by the 
exothermic neutralization of the hydride ion is a process of great interest in connection with the 
storage of hydrogen in solid materials, which would become a safe and efficient way to store 
energy for both stationary and mobile applications.22  
This paper shows that the ligand 9,9-dimethyl-4,5-bis(diisopropylphosphino)xanthene changes 
its coordination mode to stabilize Kubas type dihydrogens, elongated dihydrogens, compressed 
dihydrides, and classical hydrides, which act as intermediates to generate molecular hydrogen 
from H+ and H-, in the presence of osmium polyhydrides. In addition, it proves that the mer 
coordination favors nonclassical interactions between the coordinated hydrogen atoms, with 
regard to the fac and bidentate coordination modes. 
RESULTS AND DISCUSSION 
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Scheme 1 sumarizes the procedures used to generate molecular hydrogen starting from the 
classical trihydride OsH3Cl{xant(PiPr2)2} (1). The route a involves the sequential addition of H+ 
and H- whereas the route b involves the opposite addition. 
 
Scheme 1. Formation of H2 by sequential addition of H+ and H-  or H- and H+ to 
OsH3Cl{xant(PiPr2)2} (1) in two related cycles. 
Complex 1 adds a proton in agreement with the Lewis base character of the saturated 
polyhydrides. Under hydrogen atmosphere, the addition of 1.0 equiv of HBF4·OEt2 to 1 in 
dichloromethane-d2 leads to the cation [OsCl(H···H)(η2-H2){xant(PiPr2)2}]+ (2). The presence of 
four hydrogen atoms bonded to the metal center is supported by the 1H NMR spectrum of the 
resulting solution, which contains a broad signal at -10.71 ppm with an integrated intensity of 4. 
According to the existence of nonclassical interactions between the coordinated hydrogen atoms, 
this resonance exhibits a 400 MHz T1(min) value of 40 ± 2 ms at 203 K. The 31P{1H} NMR 
spectrum shows a singlet at 62.6 ppm. DFT calculations (energies calculated at the 
B3LYP(GD3)//6-31G(d,p)/SDD level with the Gaussian 09 program23) reveal that there are two 
compressed dihydride-dihydrogen structures differing by 3.0 kcal.mol-1 (ΔG, 1 atm, 298.15 K): 
2a and 2b. Figure 1 shows a view of these DFT-optimized structures. In both cases, the 
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isolated as its yellow BF4-salt in 95% yield and characterized by X-ray diffraction analysis.24 
The structure (Figure 2) shows a change in the coordination mode of the diphosphine, which now 
coordinates in a κ3-fac fashion with O-Os-P(1), O-Os-P(2) and P(1)-Os-P(2) angles of  
80.45(9)°, 82.32(9)° and 107.72(5)°, respectively. The coordinated hydrogen atoms, separated by 
1.36(6) (Å), lie trans to the oxygen atoms of the diphoshines forming a compressed dihydride. 
The nonclassical nature of the OsH2-units was confirmed by the 1H NMR spectrum in 
dichloromethane-d2, which shows a triplet (2JH-P = 14.5 Hz) at -9.53 ppm. In agreement with the 
H-H separation found by X-ray- diffraction analysis, this resonance exhibits a 400 MHz T1(min) 
value of 63 ± 3 ms, at 243 K, and a JH-D value of 7 Hz which fit with H-H separations of 1.35 Å 
and 1.32 Å, respectively.25 The 31P{1H} NMR spectrum shows a signal at 42.9 ppm. 
 
Figure 2 ORTEP diagram of complex 3 with 50% probability ellipsoids. The counteranions, 
solvent molecules, and hydrogen atoms (except hydrides) are omitted for clarity. Selected bond 
lengths (Å) and angles (°): Os-O = 2.156(3), Os-P(1) = 2.316(1), Os-P(2) = 2.295(1), H(1)-H(2) 
= 1.36(6), O-Os-centroid H(1)-H(2) = 169.65, O-Os-P(1) = 80.45(9); O-Os-P(2) = 82.32(9), 
P(1)-Os-P(2) = 107.72(5). 
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The fac-coordination of the diphosphine in 3 is a determinant factor for the stabilization of the 
dimeric structure with regard to 2, which is related to the flexibility of the xanthene group. In 
fact, the most rigid benzofuran stabilizes the OsH4-species and prevents the formation of a 
counterpart dimer of 3. Thus, under argon, the addition of 1.0 equiv of HBF4·OEt2 to 
OsH3Cl{dbf(PiPr2)2} (4) in dichloromethane leads to the compressed dihydride-dihydrogen 
[OsCl(H···H)(η2-H2){dbf(PiPr2)2}]BF4 (5), which was isolated as a pale yellow solid in 85% 
yield (eq.1). In contrast to 2, this 4,6-bis(diisopropylphosphino)dibenzofuran counterpart is 
moderately stable under argon, in the solid state, and in dichloromethane and does not release 
molecular hydrogen to dimerize. Complex 5 was characterized by X-ray diffraction analysis. Its 
structure (Figure 3) is in full agreement with the optimized structure of the most stable isomer of 
2. As in the latter, the diphosphine is mer-coordinated with O-Os-P(1), O-Os-P(2) and P(1)-Os-
P(2) angles of 78.66(9)°, 78.72(9)° and 157.23(4)° respectively. The dihydrogen ligand (H(3)-
H(4) = 1.06(5) Å (X-ray), 0.976 Å (DFT)) lies at the perpendicular plane to the P-Os-P direction, 
trans-disposed to the chloride; and the compressed dihydride (1.10(7) Å (X-ray), 1.387 Å (DFT)) 
is situated trans to the oxygen atom of the diphosphine, almost parallel to the P-Os-P direction. 
In the 1H NMR spectrum in dichloromethane-d2, the OsH4-unit displays a broad signal at -10.60 
ppm, which exhibits a 400 MHz T1(min) value of 40 ± 2 ms at 203 K, in agreement with 2. The 
31P{1H} NMR spectrum contains a singlet at 65.3 ppm. 
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Figure 3. ORTEP diagram of complex 5 with 50% probability ellipsoids. The counteranions, 
solvent molecules, and hydrogen atoms (except hydrides) are omitted for clarity. Selected bond 
lengths (Å) and angles (°): Os-O = 2.092(3), Os-P(1) = 2.400(1), Os-P(2) = 2.403(1), H(3)-H(4) 
= 1.06(5), H(1)-H(2) = 1.10(7), Os-Cl = 2.415(1), O-Os-centroid H(1)-H(2) = 171.37, Cl-Os-
centroid H(3)-H(4) = 178.09, O-Os-P(1) = 78.66(9), O-Os-P(2) = 78.72(9), P(1)-Os-P(2) = 
157.23(4). 
The coordination changes from κ3-mer to κ3-fac of the diphosphine is a requirement for the 
coordinative saturation of the metal center on the [OsClH2{xant(PiPr2)}]+ fragment resulting 
from the dissociation of molecular hydrogen from 2, since the steric hindrance experienced by 
the isopropyl substituents of the mer-coordinated diphosphines of two unsaturated fragments 
appears to prevent the dimerization. However, the coordination κ3-mer is clearly favored over the 
κ3-fac, when the metal center of a mononuclear complex is saturated. As a proof of concept, it 
should be mentioned that the chloride bridges of 3 are broken in acetonitrile to form the saturated 
dihydrogen complex [OsCl(η2-H2)(CH3CN){xant(PiPr2)2}]BF4 (6), which contains a κ3-mer 
coordinated diphosphine. This compound was isolated as a white solid, in almost quantitative 
yield, and characterized by X-ray diffraction analysis. The structure26 (Figure 4) proves the mer-
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coordination (O-Os-P(1) = 83.08(6)°, 83.13(7)°; P(1)-Os-P(1) = 165.85(13)°, 165.81(14)°) of the 
diphosphine. The dihydrogen ligand (1.02(6) Å (X-ray), 0.985 Å (DFT)), which is almost 
parallel to the P-Os-P direction, lies trans to the chloride. In the 1H NMR spectrum, in 
dichloromethane-d2, the coordinated hydrogen molecule displays a triplet (2JH-P = 6 Hz) at -9.86 
ppm. As expected for its Kubas type dihydrogen nature, this resonance exhibits a 300 MHz 
T1(min) value of 21 ± 1 ms, at 203 K, whereas the H-D coupling constant in the partially 
deuterated species is 20 Hz. These values allow to calculate H-H separations of 0.94 Å and 1.09 
Å, respectively,25 which agree well with that obtained by X-ray diffraction analysis. The 31P{1H} 
NMR spectrum shows a singlet at 27.2 ppm. 
 
Figure 4. ORTEP diagram for one of the two molecules in the symmetry unit of complex 6 
with 50% probability ellipsoids. The counteranions, solvent molecules, and hydrogen atoms 
(except hydrides) are omitted for clarity. Selected bond lengths (Å) and angles (°): Os-O = 
2.131(9), Os-P(1) = 2.338(3), Os-Cl = 2.441(4), Os-N = 2.024(16), H(1)-H(2) = 1.02(6), Cl-Os-
centroid H(1)-H(2) = 174.96, O-Os-P(1) = 83.08(6), P(1)-Os-P(1) = 165.85(13). 
The hydride ion also breaks the chloride bridges of 3. The addition of KH to the 
tetrahydrofuran solutions of the dimer regenerates 1, closing a cycle for the formation of 
molecular hydrogen by reaction of H+ and H- on the osmium center of 1 (route a in Scheme 1). 
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The hydride ion displaces the chloride ligand of 1 to afford the tetrahydride derivative 
OsH4{xant(PiPr2)2} (7). The classical nature of the coordinated hydrogen atoms of this 
previously reported compound was confirmed by X-ray diffraction analysis and DFT 
calculations.21 Similarly to chloride, the oxygen atom of the mer-coordinate diphosphine of the 
latter has tendency to be displaced by the hydride ion. The addition of KH to 7 in tetrahydrofuran 
leads to the anionic pentahydride [OsH5{xant(PiPr2)2}]- (8), containing a κ2-P,P-bidentate 
diphosphine. In the presence of the crown ether 18-crown-6, yellow crystals of the [K(18-crown-
6)]+-salt were obtained in 66% yield. The X-ray diffraction structure (Figure 5) proves the 
bidentate coordination of the diphosphine, which acts with a P-Os-P bite angle of 109.46(3)°. 
The coordination polyhedron around the osmium atom can be idealized as a pentagonal 
bipyramid with the hydride H(5) and the P(1) atom of the diphosphine in axial positions (P(1)-
Os-H(5) = 165.6(16)°), whereas the P(2) atom and the remaining hydrides lie in the equatorial 
plane. The disposition of the phosphorous atoms is certainly enforced by the bidentate character 
of the diphosphine. In contrast to 8, the related anion [OsH5(PiPr3)2]- contains both monodentated 
phosphines at the axial positions of the bipyramid.27 The structure also shows three hydrides 
pointing towards the potassium cation, which is slightly out of the plane of the crown ether. The 
ion pair is helped together through electrostatic interactions, enhanced by the ionic nature of 
cation and anion. In tetrahydrofuran the hydride ligands, as well as the phosphorous atoms of the 
diphosphine, rapidly exchange their positions even at 183 K. In agreement with this, the 1H 
NMR spectrum shows a broad signal at -12.46 ppm, whereas the 31P{1H} NMR spectrum 
contains a singlet at 20.6 ppm. The classical hydride character of the coordinated hydrogen 
atoms is strongly supported by the 400MHz T1(min) of the hydride resonance, 248 ms, at 208 K. 
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Figure 5. ORTEP diagram of complex 8 with 50% probability ellipsoids. The solvent 
molecules, and hydrogen atoms (except hydrides) are omitted for clarity. Selected bond lengths 
(Å) and angles (°): Os-O = 3.496(3), Os-P(1) = 2.309(1), Os-P(2) = 2.322(1), Os-K = 3.624(1), 
P(1)-Os-P(2) = 109.46(3), P(1)-Os-H(5) = 165.6(16). 
Complex 8 is a strong Brønsted base which is even protonated by traces of water. The 
protonation leads to the hexahydride OsH6{xant(PiPr2)2} (9), also containing a P,P-bidentate 
diphosphine with the P atoms at a B site of the BAAB trapezoidal planes, which define its 
dodecaedral structure.21, 28 Complex 9 releases molecular hydrogen and coordinates the oxygen 
atom to regenerate the tetrahydride 7, closing a second cycle for the formation of molecular 
hydrogen by reaction of H- with H+ on the metal center of the tetrahydride 7 (route b in Scheme 
1). 
CONCLUDING REMARKS 
This study reveals that osmium-polyhydrides stabilized by the POP-pincer ligand 9,9-
dimethyl-4,5-bis(diisopropylphosphine)xanthene sequentially add H+ and H- or H- and H+ to 
generate molecular hydrogen in a cyclic manner. During the process the diphosphine changes its 
coordination mode from κ3-mer to κ3-fac and κ2-P,P-bidentate, depending upon the electronic 
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and steric requirements of the involved intermediates, to form both polyhydrides with 
nonclassical interactions and classical polyhydrides. The nonclassical interactions are favored by 
the tridentate coordination, in particular by the mer-disposition, whereas the classical 
polyhydrides are usual when the diphosphine is bidentate. The flexibility of the central xanthene 
group is a determinant factor for the behavior of the diphosphine. 
EXPERIMENTAL SECTION 
General Information. All reactions were carried out under argon with rigorous exclusion of air 
using Schlenk tube or glovebox techniques. Solvents were dried by the usual procedures and 
distilled under argon prior to use or obtained oxygen- and water-free from an MBraun solvent 
purification apparatus. The starting materials [OsH3Cl{xant(PiPr2)2}] (1),21 
[OsH3Cl{dbf(PiPr2)2}] (4)16d and [OsH4{xant(PiPr2)2}] (7)21 were prepared according to 
published methods. 1H, 31P{1H}, and 13C{1H} NMR spectra were recorded on either a Bruker 
300 ARX, Bruker Avance 300 MHz or a Bruker Avance 400 MHz instrument. Chemical shifts 
(expressed in parts per million) are referenced to residual solvent peaks (1H, 13C{1H}) or external 
H3PO4 (31P{1H}). Coupling constants, J and N (N = JPH + JP’H for 1H; N = JPC + JP’C for 13C) are 
given in hertz. Spectral assignments were achieved by 1H-1H COSY, 1H{31P}, 13C APT, 1H-
13C HSQC and 1H-13C HMBC experiments. Infrared spectra were recorded on a Perkin-Elmer 
Spectrum One or Perkin-Elmer Spectrum 100 FT-IR spectrometer, equipped with an ATR 
accessory, as neat solids. C, H, and N analyses were carried out in a Perkin-Elmer 2400 CHNS/O 
analyzer. High-resolution electrospray mass spectra were acquired using a MicroTOF-Q hybrid 
quadrupole time-of-flight spectrometer (Bruker Daltonics, Bremen, Germany). 
Formation of [OsCl(H···H)(η2-H2){xant(PiPr2)2}]BF4 (2). A solution of 
[OsH3Cl{xant(PiPr2)2}] (1) (50 mg; 0.073 mmol) in dichloromethane-d2 (0.6 mL) was placed in a 
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screw-top NMR tube under H2 atmosphere, and HBF4·OEt2 (11 µL; 0.081 mmol) was added. 
NMR spectra of the reaction solution showed immediate and quantitative formation of 2. All 
attempts to isolate the new species were unsuccessful due to easy loss of hydrogen to form the 
dinuclear complex 3.  
HRMS (electrospray, m/z): calcd. for C27H44ClOOsP2 [M]+: 673.2158, found: 673.2155. 1H 
NMR (400 MHz, CD2Cl2, 233K): δ 7.76 (d, 3JHH = 7.5, 2H, CH-arom), 7.67 (m, 2H, CH-arom), 
7.53 (dd, 3JHH = 7.6, 3JHH = 7.5, 2H, CH-arom), 3.09 (m, 2H, PCH(CH3)2), 2.79 (m, 2H, 
PCH(CH3)2), 1.81 (s, 3H, C(CH3)2), 1.60 (dvt, N = 16.4, 3JHH = 7.0, 6H, PCH(CH3)2), 1.56 (s, 
3H, C(CH3)2), 1.45 (dvt, N = 18.4, 3JHH = 7.6, 6H, PCH(CH3)2), 1.30 (dvt, N = 18.1, 3JHH = 7.1, 
6H, PCH(CH3)2), 0.75 (dvt, N = 17.2, 3JHH = 7.1, 6H, PCH(CH3)2), -10.71 (br, 4H, OsH). 
13C{1H}-APT NMR (100.62 MHz, CD2Cl2, 233K): δ 155.4 (vt, N = 12.5, C-arom), 132.4 (vt, N 
= 5.9, C-arom), 132.0 (s, CH-arom), 131.9 (s, CH-arom), 127.7 (vt, N = 6.2, CH-arom), 119.8 
(vt, N = 39.4, C-arom), 35.0 (s, C(CH3)2), 34.0 (s, C(CH3)2), 30.3 (s, C(CH3)2), 26.6 (vt, N = 
33.1, PCH(CH3)2), 26.0 (vt, N = 35.4, PCH(CH3)2), 22.1 (s, PCH(CH3)2), 19.8 (s, PCH(CH3)2), 
19.2 (s, PCH(CH3)2), 18.3 (s, PCH(CH3)2). 31P{1H} NMR (161.98 MHz, CD2Cl2, 233K): δ 62.6 
(s, POP). T1(min) (ms, OsH, 400MHz, CD2Cl2, 203K): 40 ± 2 (-10.64 ppm). 
Synthesis of [(Os(H···H){xant(PiPr2)2})2(µ-Cl)2][BF4]2 (3). HBF4·OEt2 (37 µl; 0.272 mmol) 
was added to a solution of [OsH3Cl{xant(PiPr2)2}] (1) (130 mg; 0,194 mmol) in dichloromethane 
(5 ml). After stirring for 1 hour, the solvent was evaporated and the residue was treated with cold 
pentane (2 x 1 ml) to afford a pale yellow solid which was dried overnight under reduced 
pressure. Yield: 113 mg (95%). Yellow crystals suitable for X-ray diffraction were obtained by 
vapor diffusion of pentane into a CH2Cl2 solution. Anal. Calcd. for C54H84B2Cl2F8O2Os2P4: C, 
42.84; H, 5.59. Found: C, 42.60; H, 5.82. IR (ATR, cm-1): ν(BF) 1050 (s). 1H NMR (500 MHz, 
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CD2Cl2, 293K): δ 7.83 (m, 4H, CH-arom), 7.55 (m, 8H, CH-arom), 2.58 (m, 4H, PCH(CH3)2), 
2.11 (s, 3H, C(CH3)2), 2.08 (s, 3H, C(CH3)2), 1.99 (m, 4H, PCH(CH3)2), 1.24 (dd, 3JHP = 17.5, 
3JHH = 7.0, 12H, PCH(CH3)2), 1.12 (dd, 3JHP = 17.0, 3JHH = 7.0, 12H, PCH(CH3)2), 1.02 (dd, 3JHP 
= 17.0, 3JHH = 7.3, 12H, PCH(CH3)2), 0.85 (dd, 3JHP = 15.1, 3JHH = 6.9, 12H, PCH(CH3)2), -9.53 
(t, 2JHP = 14.5, 4H, OsH). 13C {1H} NMR-APT (75.47 MHz, CD2Cl2, 293K): δ 159.7 (d, 2JCP = 
8.7, C-arom), 137.8 (d, 3JCP = 4.6, C-arom), 130.9, 130.1 (both s, CH-arom), 128.3 (d, 2JCP = 6.1, 
CH-arom), 120.1 (d, 1JCP = 40.7, C-arom), 38.5 (s, C(CH3)2), 32.2 (s, C(CH3)2), 32.0 (d, 1JCP = 
33.8, PCH(CH3)2), 25.0 (d, 1JCP = 36.3, PCH(CH3)2), 23.3 (s, C(CH3)2), 22.1 (s, PCH(CH3)2), 
21.4 (s, PCH(CH3)2), 19.0 (s, PCH(CH3)2), 18.4 (d, 2JCP = 4.2, PCH(CH3)2). 31P {1H} NMR 
(202.46 MHz, CD2Cl2, 293K): δ 42.9 (br, POP). T1(min) (ms, OsH, 400MHz, CD2Cl2, 243K): 63 ± 
3 (-9.53 ppm). 
Determination of the JH-D value for complex 3. A solution of DBF4·D2O was prepared by 
stirring HBF4 (1 ml) and D2O (1 ml) for 1 hour. Then, a solution of [OsH3Cl{xant(PiPr2)2}] (1) 
(45 mg, 0.067 mmol) was placed in an NMR tube and treated with the freshly prepared solution 
of DBF4 in D2O (22 µl; 0.080 mmol). After 24 hours, the 1H{31P} NMR spectrum of the reaction 
mixture showed a triplet (JH-D = 7.0 Hz), at -9.53 ppm, corresponding to the deuterated 
isotopomer of complex 3. 
Synthesis of [OsCl(H···H)(η2-H2){dbf(PiPr2)2}]BF4 (5). HBF4·OEt2 (14 µL; 0.103 mmol) 
was added to a solution of [OsH3Cl{dbf(PiPr2)2}] (4) (60 mg, 0,095 mmol) in dichloromethane (3 
mL). After stirring for 15 min, at room temperature, the solvent was evaporated under reduced 
pressure and cold pentane (1 mL) was added to afford a pale yellow solid which was washed 
once with cold pentane (3 mL) and dried overnight under vacuum. Yield: 58 mg (85%). In order 
to confirm the structure of the cation, crystals suitable for X-ray diffraction analysis were 
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obtained by slow diffusion of pentane into a dichloromethane solution of complex 
[OsCl(H···H)(η2-H2){dbf(PiPr2)2}][OTf]. Anal. Calcd. for C24H38BClF4OOsP2: C, 40.20; H, 
5.34. Found: C, 39.99; H, 5.43. HRMS (electrospray, m/z): calcd. for C24H37OOsP2 [M-HCl]+: 
595.1930, found: 595.1935. IR (ATR, cm-1): ν(B-F) 1049 (m). 1H NMR (300 MHz, CD2Cl2, 
293K): δ 8.25. (d, 3JHH = 7.7, 2H, CH-arom), 8.00 (m, 2H, CH-arom), 7.77 (dd, 3JHH = 7.7, 3JHH = 
7.6, 2H, CH-arom), 3.27 (m, 2H, PCH(CH3)2), 2.89 (m, 2H, PCH(CH3)2), 1.75 (dvt, N = 16.2, 
3JHH = 7.3, 6H, PCH(CH3)2), 1.57 (dvt, N = 19.9, 3JHH = 7.5, 6H, PCH(CH3)2), 1.39 (dvt, N = 
19.0, 3JHH = 6.9, 6H, PCH(CH3)2), 0.91 (dvt, N = 18.1, 3JHH= 7.0, 6H, PCH(CH3)2), -10.60 (br, 
4H, OsH). 13C{1H}-APT NMR (75.47 MHz, CD2Cl2, 293K): δ 161.0 (vt, N = 13.1, C-arom), 
131.1 (s, CH-arom), 128.7 (vt, N = 5.4, CH-arom), 127.8 (s, CH-arom), 123.8 (vt, N = 6.5, C-
arom), 115.0 (vt, N = 37.6, C-arom), 25.8 (vt, N = 30.7, PCH(CH3)2), 25.2 (vt, N = 29.3, 
PCH(CH3)2), 22.2 (s, PCH(CH3)2), 20.9 (vt, N = 4.5, PCH(CH3)2), 20.2 (s, PCH(CH3)2), 18.0 (s, 
PCH(CH3)2). 31P{1H} NMR (121.49 MHz, CD2Cl2, 293K): δ 65.3 (s, POP). T1(min) (ms, OsH, 
400MHz, CD2Cl2, 203K): 40 ± 2 (-10.60 ppm). 
Synthesis of [OsCl(η2-H2)(CH3CN){xant(PiPr2)2}][BF4] (6): [(Os(H···H){xant(PiPr2)2})2(µ-
Cl)2][BF4]2 (3) (100 mg; 0.066 mmol) was dissolved in CH3CN (3 mL) and stirred for 30 min 
after which the solvent was evaporated. The residue was precipitated with cold pentane (2 x 1 
ml) to afford a white solid which was dried overnight under reduced pressure. Yield: 93 mg 
(99 %). Colorless crystals suitable for X-ray diffraction were obtained by vapor diffusion of 
pentane into a CH2Cl2 solution. Anal. Calcd. for C29H45BClF4NOOsP2: C, 43.64; H, 5.68; N, 
1.76. Found: C, 43.26; H, 5.72; N, 1.79. IR (ATR, cm-1): ν (C-N) 2288 cm-1; ν(BF) 1048 (s). 1H 
NMR (300 MHz, CD2Cl2, 293K): δ 7.64 (m, 2H, CH-arom), 7.57 (dd, 3JHH = 7.6, 4JHH = 1.3, 2H, 
CH-arom), 7.40 (dd, 3JHH = 7.6, 3JHH = 7.5, 2H, CH-arom), 3.32 (m, 2H, PCH(CH3)2), 2.86 (m, 
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2H, PCH(CH3)2), 2.77 (s, 3H, CH3CN), 1.65 (dvt, N = 15.1, 3JHH = 7.2, 6H, PCH(CH3)2), 1.61 (s, 
3H, C(CH3)2), 1.59 (s, 3H, C(CH3)2), 1.54 (dvt, N = 16.9, 3JHH = 7.5, 6H, PCH(CH3)2), 1.42 (dvt, 
N = 17.2, 3JHH = 6.9, 6H, PCH(CH3)2), 0.94 (dvt, N = 16.4, 3JHH = 6.1, 6H, PCH(CH3)2), -9.86 (t, 
2JHP = 6.0, 2H, OsH). 13C {1H} NMR-APT (75.47 MHz, CD2Cl2, 293K): δ 158.2 (vt, N = 11.6, 
C-arom), 132.4 (vt, N = 6.0, C-arom), 132.1 (s, CH-arom), 131.2 (s, CH-arom), 127.3 (vt, N = 
6.3, CH-arom), 124.4 (s, CH3CN), 123.7 (vt, N = 38.4, C-arom), 34.2 (s, C(CH3)2) 34.1 (s, 
C(CH3)2), 33.1 (s, C(CH3)2), 28.0 (vt, N = 28.1, PCH(CH3)2), 27.9 (vt, N = 32.0, PCH(CH3)2), 
21.8 (s, PCH(CH3)2), 19.8 (vt, N = 5.9, PCH(CH3)2), 19.8 (s, PCH(CH3)2), 18.7 (s, PCH(CH3)2), 
4.2 (s, CH3CN). 31P {1H} NMR (121.49 MHz, CD2Cl2, 293K): δ 27.2 (s, POP). T1(min) (ms, OsH, 
300 MHz, CD2Cl2, 203K): 21 ± 1 (-10.51 ppm).  
Determination of the JHD value for complex 6. DOTf (3 µL; 0.034 mmol) was added to a 
solution of [OsH3Cl{xant(PiPr2)2}] (1) (23 mg; 0.034 mmol) in CD2Cl2 (0.5 mL). Then, CH3CN 
(2 µL; 0.038 mmol) was added. The 1H{31P} NMR spectrum of this solution showed a triplet 
(JHD = 20 Hz) at -9.87 ppm, corresponding to the deuterated isotopomer. 
Synthesis of [K(18-crown-6)][OsH5{xant(PiPr2)2}] (8): To a THF (0.6 mL) solution of 
[OsH4{xant(PiPr2)2}] (7) (40 mg, 0.063 mmol) were added KH (8 mg, 0.200 mmol) and 18-
crown-6 (50 mg, 0.190 mmol). The reaction mixture was heated at 70 ºC for 14 h and then 
filtered while hot. The filtrate was cooled at room temperature to afford yellow crystals, which 
were isolated after removal of the supernatant by decantation, and dried overnight under reduced 
pressure. Yield: 39 mg (66%). Complex 8 can be recrystallized by slow vapor diffusion of 
pentane into a solution of the compound in THF. Anal. Calcd. for C39H69KO7OsP2·C, 49.77; H, 
7.39. Found: C, 50.17; H, 7.65. HRMS (electrospray, m/z): calcd. for C27H44OOsP2 [M-H]+: 
638.2478, found: 638.2479. 1H NMR (400.13 MHz, THF-d8, 293K): 7.19 (d, 3JHH = 7.5, 2H, CH-
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arom), 7.13 (m, 2H, CH-arom) 6.89 (dd, 3JHH = 7.5, 3JHH = 7.5, 2H, CH-arom), 3.51 (s, 24H, 
CH2-18-crown-6), 2.18 (m, 4H, PCH(CH3)2), 1.53 (s, 6H, C(CH3)2), 1.16 (dvt, 3JHH = 7.0, N = 
13.0, 12H, PCH(CH3)2), 1.13 (dvt, N = 11.9, 3JHH = 6.5, 12H, PCH(CH3)2), -12.46 (br, 5H, OsH). 
13C{1H} NMR-APT (100.62 MHz, THF-d8, 343K): δ 158.0 (vt, N = 8.0, C-arom), 135.0 (s, C-
arom), 132.2 (m, C-arom), 127.6 (s, CH-arom), 121.7 (s, CH-arom), 120.0 (s, CH-arom), 70.5 
(s, CH2-18-crown-6), 36.0 (s, C(CH3)2), 29.2 (d, 1JCP = 27.1, PCH(CH3)2), 26.6 (s, C(CH3)2), 
20.9 (vt, N = 4.6, PCH(CH3)2), 19.1 (s, PCH(CH3)2). 31P{1H} NMR (161.98 MHz, THF-d8, 
293K): δ 20.6 (s, POP). 
Reaction of [(Os(H···H){xant(PiPr2)2})2(µ-Cl)2][BF4]2 (3) with KH: 
[(Os(H···H){xant(PiPr2)2})2(µ-Cl)2][BF4]2 (3) (100 mg, 0.066 mmol) and KH (6 mg, 0.15 mmol) 
were placed in a schlenk tube and THF (5 mL) was added to form a suspension. The reaction 
mixture was stirred and monitored by NMR showing complete conversion into 
[OsH3Cl{xant(PiPr2)2}] (1) after 1 h. 
Computational details and Cartesian coordinates of 2, 5 and 6: All calculations were 
performed at the DFT level using the B3LYP functional29 supplemented with the Grimme’s 
dispersion correction D330 as implemented in Gaussian0923. Os atom was described by means of 
an effective core potential SDD for the inner electron31 and its associated double-ζ basis set for 
the outer ones, complemented with a set of f-polarization functions.32 The 6-31G** basis set was 
used for the H, C, O, N, Cl and P atoms.33 All minima were verified to have no negative 
frequencies. All geometries were fully optimized in vacuo. 
Structural Analysis of Complexes 3, 5, 6 and 8. X-ray data were collected on a Bruker Smart 
APEX CCD (5, 6, and 8) and a Smart APEX CCD DUO (3) diffractometers using graphite 
monochromated Mo Kα radiation (λ = 0.71073 Å). Data were collected over the complete sphere 
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and were corrected for absorption by using a multiscan method applied with the SADABS 
program. The structures were solved by Patterson or direct methods and refined by full-matrix 
least squares on F2 with SHELXL97, including isotropic and subsequently anisotropic 
displacement parameters. The hydrogen atoms were observed in the least Fourier Maps or 
calculated, and refined freely or using a restricted riding model. 
However, the hydride ligands were observed in the difference fourier maps but does not 
refined properly, therefore the osmium-hydride distance was fixed in the refinement (1.59 Ǻ, 
CCDC). Complex 8 is twined by pseudomerohedry. The structure simulates orthorhombic but 
was properly refined in the monoclinic symmetry system with beta approximately 90o and 
refined with the twin law 1 0 0 0 -1 0 0 0 -1 plus one BASF parameter of ≈ 0.5. Due to the 
difficulty of the refinement restrictions in the displacement parameters were used.  In the four 
structures there are anions and crystallization molecules observed disordered and refined with 
different moieties, restrained geometry and isotropic thermal parameters. 
Crystal data for 3: C54H84Cl2O2Os2P4, 2(BF4), CH2Cl2, MW 1598.94, irregular block, yellow 
(0.19 x 0.12 x 0.08), monoclinic, space group P21/c, a: 12.9473(15) Å, b: 20.565(2) Å, c: 
12.0926(14) Å, β: 93.005(2)°, V = 3215.4(6) Å3, Z = 2, Z’ = 0.5, Dcalc: 1.651 g cm-3, F(000): 
1588, T = 100(2) K, µ 4.275 mm-1. 41253 measured reflections (2: 3-58o, ω scans 0.3o), 8442 
unique (Rint = 0.0411); min./max. transm. factors 0.633/0.862. Final agreement factors were R1 = 
0.0394 (6950 observed reflections, I > 2σ(I)) and wR2 = 0.1061; data/restraints/parameters 
8442/35/379; GoF = 0.949. Largest peak and hole: 2.66 (close to osmium atoms) and -1.705 e/ 
Å3. 
Crystal data for 5: C24H38ClOOsP2, CF3O3S, CHF3O3 S, MW 929.28, irregular block, colorless 
(0.19 x 0.14 x 0.08), monoclinic, space group Cc, a: 16.2471(10) Å, b: 21.4146(13) Å, c: 
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10.2694(6) Å, β: 104.6620(10)°, V = 3456.6(4) Å3, Z = 4, Z’ = 1. Dcalc: 1.786 g cm-3, F(000): 
1840, T = 100(2) K, µ 4.053 mm-1. 19163 measured reflections (2: 3-58o, ω scans 0.3o), 7949 
unique (Rint = 0.0320); min./max. transm. factors 0.687/0.862. Final agreement factors were R1 = 
0.0277 (7384 observed reflections, I > 2σ(I)) and wR2 = 0.0555; data/restraints/parameters 
7949/6/ 428; GoF = 1.022. Largest peak and hole: 0.827 and -0.846 e/ Å3. 
Crystal data for 6: C29H45ClNOOsP2, BF4, C4H10O, MW 872.18, irregular block, colorless (0.15 
x 0.10 x 0.07), monoclinic, space group P21/m, a: 11.843(3) Å, b: 22.139(5) Å, c: 14.179(3) Å, 
β: 89.988(3)°, V = 3717.4(14) Å3, Z = 4, Z’ = 1, Dcalc: 1.558 g cm-3, F(000): 1760, T = 100(2) K, 
µ 3.638 mm-1. 32991 measured reflections (2: 3-58o, ω scans 0.3o), 7908 unique (Rint = 0.0876); 
min./max. transm. factors 0.590/0.862. Final agreement factors were R1 = 0.0521 (5862 observed 
reflections, I > 2σ(I)) and wR2 = 0.1289; data/restraints/parameters 7908/256/417; GoF = 1.135. 
Largest peak and hole: 1.785 (close to osmium atoms) and -1.406 e/ Å3. 
Crystal data for 8: C27H45OOsP2, C12H24KO6, 0.5(C4H8O), 0.5(C5H12), MW 1013.31, irregular 
block, yellow (0.25 x 0.06 x 0.06), monoclinic, space group P21/n, a: 17.0875(9) Å, b: 
15.2536(8) Å, c: 19.5724(10) Å, β: 109.6270(10)°, V = 4805.1(4) Å3, Z = 4, Z’ = 1,  Dcalc: 1.401 
g cm-3, F(000): 2100, T = 100(2) K, µ 2.852 mm-1. 82792 measured reflections (2: 3-58o, ω 
scans 0.3o), 11705 unique (Rint = 0.0583); min./max. transm. factors 0.679/ 0.862. Final 
agreement factors were R1 = 0.0386 (9412 observed reflections, I > 2σ(I)) and wR2 = 0.0946; 
data/restraints/parameters 11705/17/510; GoF = 1.032. Largest peak and hole: 2.348 (close to 
osmium atoms) and -1.381 e/ Å3. 
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